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AppLNo. 09/935,510 

Amendment and Response C 

Reply to Office Action of Nov. 2, 2004 

Amendments to the Claims: 

This lasting of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims; 

Claims 1-3: CANCELED 

4. (currently amended) The hoaxing amplification device of claims In a hearing 
amplification device adapted to rec eive a squd ^ signal, the farin g amplification device having 
at least one bandpass non-linearit y (EFNL) channel configured to receive an input 
representative of said sound signal, the improvement comprising: 

said nhanr^l freins furth er configured with a memorvless nmilij ipa r amplifier to provide 
(1) linear gain for an input representative of a p ortion of a subband of said sound signal having 
an instantaneous sound level leas than a c ompression threshold , (2) insta ntaneous compressive 
ffain for arj input repre sentative of a portion of a subband_of said sound signal having an 
instantaneous sound lev ei^reater than $aid_compression threshold, wherein said instantaneous 
compressive gain is less than linear gain, and (31 control of said compression threshold 
thatis^adap tive at least partially i n response tq changes in said sound signal, and 

.wherein said at least one channel is configured to have its compression threshold 

initially set to a predetermined quiescent level, and wherein said at least one channel is further 
configured to adjust said compression threshold such that said compression threshold is in a 
range of about said predetermined quiescent level to about 20 decibels below an average sound 
level of at least a portion of said sound signal. 

5 . (currently amended) The hearing amplification device of elate d In a hearing 
amplification device adapted to receive a somcLsignal. the hearfog amplifi cation device having 
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at least ban dpass non-linearity fBPNLl channel configured tq receive an inp ^ 
representative of said sound signal, the improvement comprising: 

said channel being further configured with a Tnemnryl^ ss nonlinear a mplifier to provide 
f 1) linear sain for an input representative of a portion of a subba nd of said sound sig nal t^yin^ 
an inqtWneous sound level less than a compressio n threshold. (9,1 instantaneous compressive 
gain fpy m input representative of a portion of a subband o f said sound signal having an 
instantaneous sounfl level gre ater frhan said compre ssion threshold, wherein said in stantaneous 
compressive gain is less than said linear ^ in r anH (3 ) control of said compression threshold 
that is adaptive at leagt partiaU y m response to changes in said sound signal, and 

wherein said at least one channel is configured to adjust said compression threshold 

such that said compression threshold is within a range of about 5 decibels below an average 
sound level of at least a portion of said sound signal to about 5 decibels above said average 
sound level. 

6. [currently amended) The hearing amplification device of claim £ ± wherein said at 
least one channel is further configured to provide a smooth transition between said linear gain 
and said instantaneous compressive gain. 

7. [currently amended) The hearing amplification device of claim 3 4 wherein said at 
least one channel is further configured to provide a sharp transition between said linear gain 
and said instantaneous compressive gain. 

8. (currently amended) The hearing amplification device of claim & 4 wherein said at least 
one channel is further configured to provide [1) decompression for an input representative of a 
portion of a subband of said sound signal having an instantaneous sound level greater than a 
decompression threshold, said decompression threshold being greater than said compression 
threshold. 
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9. (original) The hearing amplification device of claim 8 wherein said at least one 
channel is configured to have its compression threshold initially set to a predetermined 
quiescent level, and wherein said at least one channel is further configured to adjust said 
compression threshold such that said compression threshold is in a range of about said 
predetermined quiescent level to about said decompression threshold. 

10. (previously presented) The hearing amplification device of claim 8 wherein said at least 
one channel is further configured to provide attenuation for an input representative of a portion 
of a subband of said sound signal having an instantaneous sound level greater than an 
attenuation threshold, said attenuation threshold being greater than said decompression 
threshold. 

1 1 . (original) The hearing amplification device of claim 2 wherein said at least one 
channel is further configured to provide said instantaneous compressive gain as at least square 
root compression. 

12. (original) The hearing amplification device of claim 2 wherein said at least one 
channel is further configured to adjust said compression threshold at least partially in response 
to a user input. 

13. (original) The hearing amplification device of claim 2 having a plurality of said 
channels, each of said channels being responsive to an input representative of an audio 
frequency range different from other channels. 

14. (original) The hearing amplification device of claim 13 wherein each channel is 
configured to have its compression threshold initially set independently of each other channel, 
and wherein each channel is further configured to adjust its compression threshold at least 
partially in response to changes in said sound signal. 
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1 5. (original) The hearing amplification device of claim U wherein each channel is 
configured to independently adjust its compression threshold at least partially in response to 
changes in said sound signal 

16. (previously presented) The hearing amplification device of claim 14 wherein each 
channel is further configured to provide (1) decompression for an input representative of a 
portion of a suhband of said sound signal having an instantaneous sound level greater than a 
decompression threshold, said decompression threshold being greater than said compression 
threshold. 

17. (currently amended) ¥h e hearing amplification device of claim-16 In a hearing 
amplifipationjievice adapted to receive a sound signal the hearing amplification device having 
at least one bandpass non-linearity (BPTsTLl charm*! ^m^ir ^d to receive an inp ut 
representative of said sound signal, the improvement comprising: 

a plurality of channels, each of said channels being responsive to an input 

representative of_an audio frequency range different from othershannels. **rh rh*^} fr.in g 
fothfiJLCPnfigured with a memorvless nonlinear amplifier to p rpvide ( 1 ) H npar gain for an input 
renresentative oia portion of a subband of said sound signal having an instantaneous sound 
level less thana compression threshold. (2) instantaneous compressive gain for an input 
representative of a portion of a subband of said so und signal having an instantaneous sound 
level grea^ than said comp ression threshold, wherein said instantaneous compressive fi ain f a 
less than said linear gain, and (31 adaptive c ontrol of said compression threshold 

wherein each channel is further configu red to have its compression threshold initially 
set indet>endeutly_of each other channel? 

wherein each channel is further configured to adju st its compression threshold at least 

partially in response to changes i n said sound sig nal; 
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wherqiq each channel is further configured to p rovide fl) decompression far an \ njmt 
rgR^ntative pf a portion of a subband^f said sound si gnal h^t ^ an instantaneous sound 
laffilsreater dm a decompression threshold, said decomm ission threshold beinr vrrrtrr than 
said compr ession threshold: and 

.wherein each channel is imtheLconfigured to (1) have its compression threshold 

initially set to a predetermined quiescent level, and wherein each - channel is farther configured 
te {^adjust its compression threshold such that its compression threshold is in a range of 
about its predetermined quiescent level to about said decompression threshold. 

1 8, (original) The hearing amplification device of claim 1 7 wherein each channel is 
further configured to adjust its compression threshold such that its compression threshold is in 
a range of about said predetermined quiescent level to about 20 decibels below an average 
sound level of at least a portion of said sound signal. 

1 9. (original) The hearing amplification device of claim 1 7 wherein each channel is 
configured to adjust its compression threshold such that its compression threshold is within a 
range of about 5 decibels below an average sound level of at least a portion of said sound signal 
to about 5 decibels above said average sound level. 

Claims 20-21: CANCELED 

22. (currently amended) ¥ fae - m e thod of claim 21 further comprising A method of 
compensating for impaired heari ng, said met hQ^ copipTiging: 

linearly amplifying an inp ut corresponding. to a portion of a suhfaand_of a sound signal 
having an instantaneous sound level less than a compression threshold: 

instantaneousb_qompressivelv amplifying an input corresponding to a portion of a 

subband of aj&und signal having an instantaneo us sound leve l prater than sa id compression 
threshold! 
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initially setting said compression threshold at a predetermined quiescent level; 

storing a previously deteiinined peak value for a previous portion of said sound signal; 

determining a current peak value for a current portion of said sound signal; and 

adaptively controlling said compression t h reshold at least Partially in response 

changes in said nmmii signal. ff r,d 

wherein said adaptively controlling step includes increasing said compression threshold 

when said determined current peak value is greater than said stored peak value. 

23. (original) The method of claim 22 wherein said adaptively controlling step 
includes: 

maintaining said compression threshold at its current level when said determined 
current peak value does not deviate by more than a predetermined triggering amount from said 
stored peak value,- and 

decreasing said compression threshold when said determined current peak value 
deviates by more than said predetermined triggering amount from said stored peak value. 

24. (original) The method of claim 23 wherein said decreasing step includes: 
decreasing said compression threshold when said determined current peak value has 

continuously deviated by more than said predetermined triggering amount from said stored 
peak value for a predetermined amount of time. 

25. (previously presented) The method of claim 24 wherein said adaptively controlling step 
further includes: 

setting a ma x i m um value for said compression threshold; 
setting a minimnm value for said compression threshold; 

estimating an average sound level for at least a portion of said sound signal from said 
determined current peak value; 



2447618 . Q _ 

PAGE 13/46 1 RCVD AT 1128/2005 2:30:58 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/9 ' DN1S:8729306 ' CSID: 1 DURATION (mm-ss):13-12 



THOMPSON COBURN LLP 4 



Jan 28 2005 13=32 P. 14 



AppL No, 09/935,510 

Amendment and Response C 

Reply to Office Action of Nov. 2, 2004 

wherein said increasing step includes increasing said compression threshold to 
substantially match said estimated average sound level when said estimated average sound 
level is less than or equal to said maximum value and increasing said compression threshold to 
equal said maximum value when said estimated average sound level is greater than said 
maximum value; and 

wherein said decreasing step includes decreasing said compression threshold by a fixed 
amount when said compression threshold minus said fixed amount would not be less than said 
minimum value and decreasing said compression threshold to equal said minimum value when 
said compression threshold minus said fixed amount would be less +h*r* said minimum value. 

26. (previously presented) The method of claim 25 further comprising: 

providing decompression for an input corresponding to a portion of a subband of a 
sound signal having an in stantaneous sound level greater than said decompression threshold, 
wherein said decompression threshold is greater than said compression threshold. 

27. (original) The method of claim 26 wherein said step of setting said maximum 
value includes setting said maximum value as said decompression threshold, and wherein said 
step of setting said minimum value includes setting said minimum value as said predetermined 
quiescent level, 

28. (currently amended) The method of claim 21- 22 further comprising: 
providing decompression for an input corresponding to a portion of a subband of a 

sound signal having an instantaneous sound level greater than said decompression threshold, 
wherein said decompression threshold is greater than said compression threshold. 

29. (previously presented) The method of claim 28 further comprising: 
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attenuating an input corresponding to a portion of a subband of a sound signal having 
an instantaneous sound level greater than an attenuation threshold, wherein said attenuation 
threshold is greater than said decompression threshold. 

30. (cunently amended) The method of claim U 22furth£r comprising: 

performing each of said steps for a plurality of different audio frequency ranges. 

Claims 31-33: CANCELED 

34. (currently amended) The device of claim 35 3£wherein said transfer function is 
configured to obey odd symmetry. 

35. CANCELED 

36. (currently amended) The de v i ce of claim 35 A bandpass non-linearity (BPNL) hearing 
amplification device adapted to receive and amnlifv a sound sign al, said device comprising 

a memprvless transducer for proces s ing a transducer input a cmidin| » tn * ft vin«far 

function to thereby produce a transducer output, said tr a nsducer inm 1t being representative of a 
Sjibband of a sound sifflaJLsaid transducer output being representative of an amplified annmj 
Signal, said transfer function being configured tp pro vide f H linear gain for a transducer inp ut 
representative of a portion of a subband of said sou nd signal having an in^ ntaneous sound 
level lew than a compression threshold, and ( 2 1 instantaneous compressive g ain for a 
transducer input repres entative of a portion of a subband of_said sound sig nal having, an 
infrfr ntaneoi is sound level - gre ater than said compression threshold, wherein sa id instantaneous 
compressive gain is less than said linear ^ in, wherein said compression threshold is initially 
set to a predetermined quiescent leve l: and 
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a compression threshold controlle r coupled to said transducer for adjusting said 

compression threshold at least p a r t i a lly in response to changes in said sound signal, and 

wherein said controller is configured to: 

estimate an average sound level for at least a portion in time of said sound signal; and 
adjust said compression threshold in a range of about said predetermined quiescent 

level to about 20 decibels below said estimated average sound level. 

37. (currently amended) The device of rh ir n g6 Abandnass non-linearity (BPNT.1 h m i n?! 
amplification device adapted to receive and amp l ify a sound s ignal, ^ device comnriBinff- 

a memoryless transducer for processing a transdur- e r innut aranrding tn a tra^ r 

function to thereby produce a transducer output, said trans d ucer input being representative 9 f * 
subband of a sound Signal, said transducer output, h e ing renresftntative of an amplified sm m r] 
fitmal, said transfer function being configured to p r ovide (11 linear eain for a transducer input 
representative of a portion of a subband of said so u nd signal having an instantaneous sound 
level less than a compression threshold, and ( 9.) instantaneous compressive eain for a 
transducer input representative of a portion of a subban d of said sound signal having an 
instantaneous sound level greater than said compression threshold, wherein said instantaneous 
compressive gain is less than said linear gain- and 

a compression threshold controller counted to sai d transducer for adjusting said 

compression threshold at least partially in res ponse to changes in said sound si^l, 

wherein said controller is configured to: 

estimate an average sound level for at least a portion in time of said sound signal; and 
adjust said compression threshold in a range of about 5 decibels below said estimated 

average sound level to about S decibels above said estimated average sound level. 

38. (currently amended) The device of claim 35 36 wherein said transfer function is 
further configured to provide a smooth transition between said linear gain and said 
instantaneous compressive gain. 
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39. (currently amended) The device of claim 35 £6 wherein said transfer function is 
further configured to provide a sharp transition between said linear gain and said instantaneous 
compressive gain. 

40. (currently amended) The device of claim 35 A bandpass non-line^ (BPNTJ he g ™ ff 
ampliation device adapted to receive and amplify a «n TO d signal, said device cflrnnri R ,n ff - 

a memoryless transducer for processinfi a transdi w input according to a transfer 

function, to thereby prodncejUransducer o ut p ut, said t r ansducer inrmt being representative nf a 
subband of a sound signal, said transducer output be i ng rep raen /^tive of an amplified sound 
signal , said transfe r functio n being configured to provide ( 1 ) Jin^r f^r , t ransducer inp ut 
representative of a portion of a subband of sai d sound signa l havinpr « n instantaneous sound 
level less than a compression thres hold, and (21 i nstantaneo us compressive gain for a 
transducer inrmt representative of a portion of a subband of said sound signal havinp r ar » 
instantaneous sound level greater than said compression threshold, wherein said instantaneous 
compressive m in iq T» C q than said linear gaini and 

a compression threshold controlleiLCOupled to said transducer for a djusting sAtd 

compression threshold at least partially in response to changes in said sound si gnal; fl nd, 

wherein an asymptotic representation of said transfer function TA1 is defined by the 
general formula: 

TA=TAfuAU,p), 

wherein for [u| < U: 



wherein for |u| >U 



TA{u > A f U,p)=Au 



TA(u,A,U,p)=sga(u)AU 
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wherein: 

TA1=TA1(u,U c )=TA(u / A(U c ) / U c (Y),P)j 
wherein U C (Y)= XJ X for Y less than U t and U C (Y) ■ YforY greater than or equal to U u wherein 
Ui represents a quiescent level for said compression threshold, wherein U c represents an 
adjusted compression threshold, wherein Y represents a control signal from said controller for 
controlling said compression threshold, wherein u represents said transducer input, wherein p 
represents a compression power, and wherein A represents a magnitude of gain, wherein for Y 
less than Ui: 

A = G, 

and wherein for Y greater than or equal to U[ : 

wherein d represents the magnitude of a quiescent gain, 

4 1 . (currently amended) The device of claim wherein said transfer function is further 
configured to provide decompression for a transducer input representative of a portion of a 
subband of said sound signal having an instantaneous sound level greater than a 
decompression threshold; wherein said decompression threshold is greater th?n said 
compression threshold. 

42. (currently amended) ¥he<ievice of claim 4 1 A bandpass non-linearity fBPNLI hearing 
amplification device adapted to receive and amplify a sound signal, said de vice comprising; 

a memorvless transducer for processing a transducer input according to a transfer 
function to thereby produce a transducer output, said transdu cer input hein g representative of a 
subband of a sound signaLsaid transducer output being: representative of an amplified sound 
signal, said transfer function being configured t o provide (1) linear gain for a transducer input 
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representative of a portion of a subband of said sound signal havin g an instantaneous sound 
lev?! less than a compression threshold, an d f21 instantaneous compressive gain for « 
transducer input representative nf a portion of a s u bband of said sound si fma l having an 
jqgtantanepus ffpund level neater than said compressi o n threshold, wherein ^iH fn stantanenus 
impressive gain is less than said linear gain, and 

a expression threshold controller couple d to said transducer for ndiimHn ff ^ 

Wmpressioruhrpshold at feast partiall y in response to t fapprr* *n said sound tfrr'h 

Wherein said transfer function is furthfir conn'saraH t n provide decom pression for ffi 

transducer input r epresentative of a portion of a suhband of s^ H sound signal hav faff an 
instantaneous gqund level greater than a ripcompiessinn t h reshold, wherein said der.otnr m.ggt™ 
threshold is greater th an said compression thresholdi and 

wherein an asymptotic representation of said transfer function is defined as a cascade of 
two functions TAl and TA2, wherein both TA1 and TA2 are defined the general formula: 

TA=TA(u,A,U,p), 

wherein for |u| < U: 



U 



TA(u,A,U,p)=Au 

wherein for |u| > U 

TA (u, A, U, p) = sgn(w)^ ui 

i 

wherein: 

TAl =TA1 (^UcJ-TA^fJj.UcfY)^); 
wherein U C (Y) - U» for Y less than U„ U C (Y) = Y for Y greater than or equal to U, and less 
than or equal to and U C (Y)=U 2 for Y greater than XJ V wherein Ui represents a quiescent 
level for said compression threshold, wherein TJ 2 represents said decompression threshold, 
wherein U c represents an adjusted compression threshold, wherein Y represents a control 
signal from said controller for controlling said compression threshold, wherein u represents 
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said transducer input, wherein p represents a compression power, and wherein A represents a 
magnitude of gain, wherein for Y less than l^: 

A = G, 

and wherein for Y greater than or equal to Uj: 



wherein Gj represents the magnitude of a quiescent gain; and 

wherein for TA2-TA2(u)=TA(u,l,U 2 ,p 2 ), wherein u represents TAl, wherein U 2 
represents said decompression threshold, and wherein 1 s p a <, 1/p. 

43. (previously presented) The device of claim 41 wherein said transfer function is further 
configured to provide attenuation for a transducer input representative of a portion of a 
subband of said sound signal having an instantaneous sound level greater than an attenuation 
threshold, wherein said attenuation threshold is greater than said decompression threshold. 

44. (currently amended) Tho dovico of claim 4 3 A bandpass non-linearity (BPNL) he^ inpr 
amplification device adapted to receive and amplif y a sound signal, said device comprising 

a mcmoryless transducer for processing a transduc e r input arantdine to a transfer 

function to thereby produce a transducer output , Mit f t ransducer input being representative of a 
OThhHPij of a sound signal, said transducer output bri n g renresenfr t ire of an amplified sound 
Signal, said transfer function being configured to provide ( 11 linear gain for a transducer inp m 
representative of a portion of a subband of said sound s ignal having an instantaneous so nnH 
level less than a compression thresh old, and (21 instantaneous compressive far 3 
transducer input representative of a portion of a anh band of said sound signal havin g an, 
jnstantaqepus sound level greater than said comp re^inr. t hreshold, where in said insbmranp™.* 
compressive gain i* l egs than said linear gain: and 
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aJ»mpression thresho ld controller coupled to said transducer for adju sting said 

compression threshold at least partially in responpr. tn dinnf ^ j n said sound ai pial. 

Wherein said transfer function is further ^nfi gured to provide decompression for a 
transducer input representative of a portion of a su h band of said smmrt sif *n«1 having on 
instantaneous sound level greater than a decompression t h reshold. wWjn said decomnn^ on 
threshold is greater than said compressio n, ^itrsIwI^. 

wherein said tranter function is further cnn fieured to p r ovide attenuation , for a 
transducer input representative of * nn r tion of a suhband of said s ound si, ^ 1 having an 
ingtentaneQus £Qund level greater than m attenuation thres h old, wherein s aid attenuation 
threshold is ptiflfffrr than said decom pression threshold; and 

wherein an asymptotic representation of said transfer function is defined as a cascade of 
three functions TAl, TA2, and TA3, wherein TA1 , TA2, and TA3 are each defined by the 
general formula: 

TA=TA(u,A,U,p), 

wherein for |uj < U: 



TA(u, A,U r p)~ Au 

wherein for |u| > U 

TA(u, A, U, p)=sg^(u)AU~ 

wherein: 

TA1 =TAl(u,U c )=TA(u,A(U c ) / U c fY) / p 4 J; 
wherein U C (Y}= u x for Y less than U„ U C (Y) = Yfor Ygreater than or equal to U, and less 
than or equal to U t and U c fi>U» for Y greater than wherein TJ, represents a quiescent 
level for said compression threshold, wherein U 2 represents said decompression threshold, 
wherein U c represents an adjusted compression threshold, wherein Y represents a control 
signal from said controller for controlling said compression threshold, wherein u represents 
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said transducer input, wherein p + represents a first compression power, and wherein A 
represents a magnitude of gain, wherein for Y less than Uj: 

A = G X 

and wherein for Y greater than or equal to Ui; 



A = G X 



wherein Gj represents the magnitude of a quiescent gain; 

wherein for TA2=TA2(u)=TA(u / l / U 2/ p 3 ) / wherein u represents TA1 or TA3, wherein 
U 2 represents said decompression threshold, and wherein 1 < p 2 ^ l/p. and 

wherein for TA3=TA3(uJ=*TA(u, l^pg), u represents TA1 or TA2, wherein U a 
represents said attenuation threshold, and wherein p s represents a second compression power. 

45 . (currently amended) The device of claim 35 M further comprising a plurality of said 
transducers and a plurality of channels, each channel being responsive to a different 
predetermined channel frequency range and comprising one of said transducers, and wherein 
said controller is coupled to each of said transducers, wherein said transducer input for each 
transducer is representative of those frequency components of said sound signal that are within 
its corresponding predetermined channel frequency range. 

46* (previously presented) The device of claim 45 wherein each of said channels and said 
controller are implemented in a digital signal processor, each transducer input being a digital 
representation of said subband sound signal. 

47. (original) The device of claim 46 wherein said digital signal processor is a multixate 
digital signal processor. 
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48. (original) The device of claim 45 wherein each of said channels and said controller 
are implemented in a plurality of analog components. 

49. (currently amended) The device of claim & wherein said transducer and said 
controller are implemented in a digital signal processor, said transducer input being a digital 
representation of said subband sound signal. 

50. (original) The device of claim 49 wherein said digital signal processor is a multirate 
digital signal processor. 

51. (currently amended) The device of claim 35 36 wherein said transducer and said 
controller are implemented in a plurality of analog components. 

52. (currently amended) The device of ckirq 35 A bandpass non-linearity (BPML) hearing 
ampMcatiorLdeyice a daptej . ro rec e ive a nd amplify a sound signal, said device comprising- 

a memorvlesa transducer for proces sing a transducer inp ut a^o^in^ m a transfer 

function tP thereby produce a transducer output, sai d transducer input being representative of a 
sybband of a sound Signal, said transducer outm i t being representative of an amplified sp ying 
signal, said transfer function being configured tn p r ovide (1 1 lin fff . r ga in far a transducer inp ^ 
representative of a portion of a suhhand of said ami^ signal having an instantaneous sound 
level less than a compression threshold, and (21 ins^^ttP Qus compressive sain for a 
transducer input representative of a portion of a subban d of said sound signal having an 
instantaneous sound level greater than said compr ession threshold, wherein said Inwtamamq rmff 
compressive pain ift l^s than said linear gafn. anrl 

a compression threshold controller coupled tn s aid transducer for adjusting ^ d, 

compression threshold at least partially in response tn eh*« m n in said sou nd signal, where^ 
said controller is configured with: 
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a first operating mode in which said controller is configured to not adjust said 
compression threshold; and 

a second operating mode in which said controller is configured to adjust said 
compression threshold at least partially in response to changes in said sound signal; and 

wherein said controller is switchable between said first operating mode and said second 
operating mode. 

53. (original) The device of claim 52 wherein said controller is further configured with: 
a third operating mode in which said controller is configured to fix said compression 

threshold at a current level; 

wherein said controller is switchable between said first operating mode, said second 
operating mode, and said third operating mode. 

54. (original) The device of claim 53 wherein said controller is configured to switch 
between said first operating mode, said second operating mode, and said third operating mode 
at least partially in response to a user input. 

Claims 55-58: CANCELED 

59. (original) A method of diagnosing an extent and form of hearing impairment, said 
method comprising: 

deterrruning an amount of low level gain G, needed by a patient in a plurality of 
different audio frequency ranges for sound signals having a low sound level; 
selecting a compression power p ; 

adjusting a hearing amplifier device having a plurality of channels corresponding said 
audio frequency ranges to provide the determined low level gain G x for each channel and 
selected compression power p, said hearing amplification device being configured to process an 
input signal representative of a sound signal according to a merging family of channel 
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transducer characteristics to create an amplified signal, said characteristics defined by (1) linear 
gain for input signals representative of a sound signal having a sound level less than a 
compression threshold, (2) rapid compressive gain for input signals representative of a sound 
signal having a sound level greater than a compression threshold; 

presenting a sound signal at an input of the hearing amplification device to generate an 
amplified signal therefrom; 

providing to the patient the amplified signal generated from said presented sound 
signal; and 

adjusting the values of said compression threshold for low level gain G, for each channel 
and said compression power p until the patient communicates that he/she has perceived 
satisfactory results. 

Claims 60-65: CANCELED 

66. (previously presented) The method of claim 59 wherein said rapid compressive gain is 
instantaneous compressive gain. 

Claims 67-74: CANCELED 

75. (new) A hearing aid device providing instantaneous gain compression for sound signals 
and adaptive control of nonlinear waveform distortion, the device comprising: 

at least one bandpass nonlinearity (BPNL) amplifier comprising a first bandpass filter, a 
second bandpass filter, and a memoryless nonlinear (MNL) compressive audio amplifier 
configured to receive a sound signal from the first bandpass filter and provide an MNL 
compressive audio amplifier output to the second bandpass filter, wherein the MNL 
compressive audio amplifier is configured to produce the MNL compressive audio amplifier 
output by providing memoryless gain compression directly on a sound signal that is (1) received 
from the first bandpass filter and (2) exhibits instantaneous amplitudes greater than a 



2447618 - 21 - 

PAGE 25/46 ' RCVD AT 1/22(2005 2:30:58 PM [Eastern Standard Time] ' SVR:USPT0#XRF-1/9 ' DNIS:8729306 ' CSID: ' DURATION (mm-ss):13-12 



THOMPSON COBURN LLP 4 



Jan 28 2005 13:36 



P. 26 



Appl. No. 09/935,510 

Amendment and Response C 

Reply to Office Action of Nov. 1, 2004 



.on 



compression threshold, the BPNL amplifier thereby producing a desired gain compression < 
the received sound signal at an output of the second bandpass filter; and 

a controller in communication with the at least one BPNL amplifier, the controller 
being configured to adjust the compression threshold of the MNL compressive audio amplifier. 

76. (new) The device of claim 75 wherein the controller is further configured to adjust the 
compression threshold from a quiescent compression threshold at least partially in response to 
changes in the received sound signal. 

77. (new) The device of claim 76 wherein the controller is further configured to adjust the 
compression threshold from the quiescent compression threshold at least partially in response 
to changes in an estimate of a RMS value for the received sound signal. 

78. (newj The device of claim 76 wherein the controller is further configured to control 
waveform distortion caused by the MNL compressive audio amplifier by adjusting the 
compression threshold from the quiescent compression threshold at least partially in response 
to changes in the received sound signal. 

79. (new) The device of claim 76 wherein the MNL compressive audio amplifier is further 
configured to provide BPNL gain compression for a tone within its passband via an MNL 
transducer input/output (I/O) function that is in close approximation to a desired RMS I/O 
function. 

80. (new) The device of claim 79 wherein the transducer function is configured as an odd 
symmetric function f(u) = -f (-u), wherein u is a sample value of the sound signal processed by 
the MNL compressive audio amplifier. 
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81. (new) The device of claim 79 wherein the transducer function is further configured to 
provide a constant gain for received sound amplitudes below the compression threshold, 
wherein the compressive sain is less than the constant gain. 

82. (new) The device of claim 81 wherein the transducer function is further configured to 
provide decompression for received sound amplitudes greater than a decompression threshold, 
the decompression threshold being greater than the compression threshold. 

83. (new) The device of claim 81 wherein the controller is further configured to adjust the 
compression threshold to a value within a range between the quiescent compression threshold 
and the decompression threshold. 

84. (new) The device of claim 83 further c»m^ 

each BPNL amplifier being configured to process a different frequency subband of a broadband 
sound signal 

85. (new) The device of claim 84 wherein the controller is further configured to adjust the 
compression threshold for each subband to a value within the range between the quiescent 
compression threshold and the decompression threshold at least partially in response to an 
estimate of a short-term RMS amplitude for the broadband sound signal. 

86. (new) The device of claim S3 wherein the transducer function is further configured to 
provide protective attenuation for received sound amplitudes greater than an attenuation 
threshold, the attenuation threshold being greater than the decompression threshold. 

87. (new) The device of claim 76 wherein the controller is further configured to upwardly 
adjust the compression threshold if the received sound signal exhibits an estimated RMS 
amplitude greater than a specified amount. 
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88. (new) The device of claim 87 wherein the controller is further configured to 
downwardly adjust the compression threshold if the received sound signal exhibits an 
estimated RMS amplitude below a triggering amount for a duration of time greater than a 
predetermined release time. 

89. (new) The device of claim 88 wherein the triggering amount is derived from a fraction 
of an estimated RMS amplitude for a most recently received sound signal that caused an 
upward adjustment of the compression threshold. 

90. (new) The device of claim 88 wherein the controller is further configured to maintain 
the compression threshold and the triggering amount at its current levels if the received sound 
signal does not maintain an estimated short-term RMS amplitude below the triggering amount 
throughout the release time duration. 



9 1 . (new) The device of claim 75 further comprising a plurality of the BPNL amplifiers, 
each BPNL amplifier being configured to process a different frequency subband of a broadband 
sound signal. 



92. (new) The device of claim 9 1 wherein the controller is further configured to coordinate 
adjustment of the compression thresholds for each BPNL amplifier to produce a desired 
nonlinear waveform quality, 

93 . (new) The device of claim 75 wherein the controller is further configured to fix the 
compression threshold at a current level in response to user input. 
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94. (new) The device of claim 75 wherein the controller is further configured to adjust the 
compression threshold between at least (1) a first level associated with a quiet environment and 
(2) a second level associated with a noisy environment. 

95. (new) The device of claim 94 wherein the controller is further configured to adjust the 
compression threshold between the at least first and second levels at least partially in response 
to changes in the received sound signal. 

96. (new) The device of claim 94 wherein the controller is further configured to adjust the 
compression threshold between the at least first and second levels at least partially in response 
to user input. 

97. (new) The device of claim 75 wherein the at least one BPNL amplifier is a digital 
BPNL amplifier. 

98. (new) The device of claim 75 wherein the at least one BPNL amplifier is an analog 
BPNL amplifier. 
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